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Dissociated visual perceptual and spatial deficits
in focal lesions of the right hemisphere

FREDA NEWCOMBE AND W. RITCHIE RUSSELL

From the Department of Neurology, Churchill Hospital, Oxford

Recent clinical and experimental studies of patients
with unilateral lesions have been more concerned
with problems of hemispheric asymmetry than with
the somewhat limited notion of cerebral dominance.
There are now firm data to support the observation
of earlier clinicians (Hughlings Jackson, 1887;
Potzl, 1928; Lange, 1936; Dide, 1938) that the
right hemisphere plays a special part in visual
perception and spatial orientation (McFie, Piercy,
and Zangwill, 1950; Anderson, 1951; Hecaen,
Ajuriaguerra, and Massonnet, 1951; McFie and
Piercy, 1952; Milner, 1952; Ettlinger, Warrington,
and Zangwill, 1957; Milner, 1958; Costa and
Vaughan, 1962; Hecaen, 1962; Teuber, 1962).

Moreover, the question of regional specialization
of function within the hemispheres, recently
reviewed by Piercy (1964), has been illustrated by
reports of highly selective intellectual deficit in
patients with focal brain lesions (Milner, 1963,
1967). Studies of temporal-lobe epilepsy have shown
an association between right temporal-lobe lesions
and pattern-recognition deficits (Milner, 1958;
Kimura, 1963; Meier and French, 1965); and work
on neurological patients with right parietal or

posterior lesions has revealed deficits in visual
perception (Warrington and James, 1967a, b),
block design (McFie and Piercy, 1952), picture
description (Ettlinger, 1960), and spatial orientation
(Paterson and Zangwill, 1944; Critchley, 1953; De
Renzi, 1967).
The present study, which was part of a project

designed to investigate the long-term effects of focal
missile injury to the brain (Newcombe, 1969), was

based on the hypothesis of hemispheric asymmetry
of function-that is, the leading r6le of the left
hemisphere for language functions and of the right
hemisphere for visual-perceptual and spatial func-
tions. But it was also designed to explore the nature
of differentiation of function within the hemispheres,
and did in fact provide evidence of dissociated
visual-perceptual and spatial deficits following
posterior lesions of the right hemisphere.

METHOD

SUBJECTS Eighty-one right-handed subjects with focal,
unilateral, missile injury to the brain were selected from
a group of 153 pensioners of the second world war who
were examined in the Department of Neurology,
Churchill Hospital, between 1963 and 1966. (Men with
midline or bilateral injuries, and those with left-handed
tendencies were excluded from the present sample).
Forty-four of the experimental subjects had unilateral
lesions of the left hemisphere (LH group) and 37 men had
right hemisphere lesions (RH group). The two groups
did not differ significantly in age or vocabulary level, and
were matched in these respects with the control groups.
Control subjects were hospital patients who volunteered
to participate during their brief admission for minor
surgery. Two control groups were used, one for each
experimental task, but 20 subjects were included in both
control groups. The relevant data for experimental and
control subjects are shown in Table I.

The locus of lesion for each experimental subject was

charted according to procedures described elsewhere
(Russell, 1947; Russell and Espir, 1961); the charting
was based on operation reports and on lateral and
anterior-posterior radiographs. The two experimental
groups were then classified according to locus of lesion

TABLE I
AGE AND VOCABULARY SCORES FOR EXPERIMENTAL AND CONTROL GROUPS

Group

Scores LH (n = 44) RH (n = 37) Control I (n = 53) Control 11 (n = 43)
(mean) (SD) (mean) (SD) (mean) (SD) (nmean) (SD)

Age 45 23 570 46-65 5 24 45-62 7 50 47-02 7 07
Mill Hill Vocabulary IQ 97-68 12-53 103 73 12 70 102 04 1125 101 77 11 85
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as follows: frontal (that is, a lesion confined to the
frontal lobe); temporal or temporo-parietal; parietal
(that is, a lesion confined to the parietal lobe); posterior
(that is, lesions damaging the occipital lobes for
example, occipital, parieto-occipital, and temporo-
occipital lesions); and a mixed group (that is, fronto-
temporal and fronto-parietal lesions).

MATERIAL The experimental subjects were given a
number of verbal and visual-spatial tasks which included
a visual 'closure' test and a visually-guided stylus-maze
task. The 'closure' material (Mooney, 1956, 1957)
consists of black and white drawings of human faces
with exaggerated shadows and highlights (see Fig. 1).
Each face was presented on a separate card, 10 x 6 5 cim
in size, and the subject worked through a pack of 40
cards, saying whether he could recognize the face as that
of a man, a woman, an old man, an old woman, a boy,
or a girl. He was not allowed more than 30 seconds for
each card. For the present investigation the first 40 faces
in Lansdell's (1961, 1968) revised series were used; each
correct response was scored 1, with a maximum score of
40. Guessing was not encouLraged.
The apparatus for the maze task consisted of 64 raised

blocks (2 cm squLare), outlined by grooves in a network
21 cm square (see Fig. 2). Paths graded according to

number of choice points were wired into circuit and
could be switched on in tuLrn. The subject ran a stylus
along the grooves and over brass studs at the intersection
points. If he turned in the wrong direction a red light
switched on with an audible click; no lights or sounds
were produced by a correct move. The first path had
six choice points and the second path ten choice
points (see Fig. 3). The first path was regarded as a
practice run, to ensure that instructions and procedure
were understood. In each case the path was quickly
demonstrated-in one move withouLt pausing at choice
points, and subjects were asked to find the correct path.
In case of error they were told to return to the preceding
choice point; they were advised not to hurry and informed

FIG. 2. Visually-guided maze task: apparatuls.

FIG. 1. Visual 'closure' task: examples of materials.

FIG. 3. Visually-guided maze task: schematic representa-
tion ofpaths.

- = path one. = path two.

74



Dissociated visual perceptual and spatial deficits in focal lesions of the right hemisphere

that the test would be finished when they had completed
three successive error-free trials. A maximum of 25 trials
was allowed; the maximum score was 23 (that is, criterion
reached on the third trial), and one point was deducted
for each additional trial required to reach criterion.

there was clearly no association between visual field
defect and impaired test performance. For the RH
group, the pattern differed according to the task.
In the 'closure' task, the mean score of the seven
men with hemianopia did not differ from that of the

RESULTS

Test data were treated by a fixed-model two-way
analysis of variance (Winer, 1962) in which two
variables were considered-hemisphere and locus of
lesion. The findings for the 'closure' task are shown
in Table II: the RH group showed a highly significant
deficit. Locus effects did not reach significance but
the right temporo-parietal group, which had obtained
relatively high scores in intelligence and vocabulary
tests, had the lowest mean score of all sub-groups
in the experimental sample. The performance of the
LH group matched that of the control group

(control group I, N = 53, mean score = 3000,
SD = 4 33).

TABLE II

VISUAL CLOSURE

(a) Mfean scores of unilateral groups classified according to
locus of lesion

Group
Locus LH RH

(mean score) (n) (meant score) (n)

Frontal 25-67 8 29-75 9
Temporal or temporo-

parietal 21-36 9 31-33 11
Parietal 27-83 9 28-67 6
Posterior 26-80 8 29-50 5
Mixed 25-17 10 3340 6

(b) Fixed model analysis of variance of locus of lesion
by hemisphere

Source df AMS F

Locus of lesion (L) 4 17-33 0-48
Hemisphere (H) 1 509 84 14-05*
L x H 4 55 93 1 54
Between subjects within groups 71 36-29

*P<0.001.

TABLE III
VISUALLY GUIDED MAZE-PATH TWO

(a) Mean scores of unilateral groups classified according to
locus of lesion

Group
Locus LH RH

(mean score) (n) (mean score) (n)

Frontal 14-20 7 15-86 10
Temporal or temporo-

parietal 13-73 9 18-11 1 1
Parietal 9-83 10 14-70 6
Posterior 5 80 8 18-38 5
Mixed 14-00 10 17-00 5

(b) Fixed model analysis of variance of locus of lesion
by hemisphere

Source df MS F

Locus of lesion (L) 4 50 60 1-43
Hemisphere (H) 1 524-73 14-79*
L x H 4 67-82 1.91
Between subjects within groups 71 35-48

*P<0.001.

TABLE IV
VISUAL CLOSURE TASK: MEAN SCORES OF SUBJECTS WITH
POST-ROLANDIC LESIONS, CLASSIFIED ACCORDING TO

LATERALITY OF LESION AND TYPE OF VISUAL
FIELD DEFECT

Group performance
Type of visual field defect LH group RH group

(mean) (n) (mean) (n)

Hemianopia 31-00 4 25-00 7
Upper quadrantanopia 35 50 4 16 00 3
Lower quadrantanopia 31-50 4 24-20 5
Sector defects 32-33 3 0
Nil 28 00 11 26 75 8

The results for the maze task are shown in
Table III: the RH group again showed a highly
significant deficit. Locus effects did not reach
significance, but the right parietal and right posterior
sub-groups were inferior to all other sub-groups in
this task. The LH group, however, did not differ
from the control group (control group II, N = 43,
mean score = 18 05, SD = 3-50).
The relationship between visual field defect and

performance in the 'closure' and maze task is shown
in Tables IV and V, respectively. For the LH group

TABLE V
VISUALLY-GUIDED MAZE TASK: MEAN SCORES OF

SUBJECTS WITH POST-ROLANDIC LESIONS, CLASSIFIED
ACCORDING TO LATERALITY OF LESION AND TYPE OF

VISUAL FIELD DEFECT

Group performance
Type of visualfield defect LH group RH group

(mean) (n) (mean) (n)

Hemianopia 18 25 4 5-00 7
Upper quadrantanopia 16-00 4 16-67 3
Lower quadrantanopia 19 00 4 9-6 5
Sector defects 18 33 3 0
Nil 17 18 11 12 50 8
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eight men with no visual field defect (as measured
by perimetry and Bjerrum screen), whereas the small
group of men with left upper quadrantic field defects
obtained a very low score. Conversely, in the
maze task, the seven men in the RH group with
hemianopia were markedly impaired, whereas the
performance of men with upper quadrantic field
defects did not differ from that of subjects in the
RH group without a field defect.
Data from individual subjects in the RH group

with low scores in these tasks (defined as scores in
the lowest 20% of the total RH group distribution)
were analysed. These men with marked deficits in
the 'closure' or maze-learning tasks all had post-
Rolandic lesions, but there was no overlap in scores
between the group of seven men with a marked
deficit in the 'closure' task (Group I) and the seven
men with a marked maze-learning deficit (Group II).
Their performance was then compared with that of
the remaining men in the RH group with post-
Rolandic lesions (Group III, N = 9). The data are
shown in Table VI.

TABLE VI
CLOSURE AND MAZE TASKS: MEAN SCORES OF CONTROL
GROUPS AND SUBJECTS WITH RIGHT POST-ROLANDIC

LESIONS

Group
Task Subjects with R. post-Rolandic lesions Control

Group I Group 11 Group III

Closure 14 86 27-86 28-78 30 00
Maze 14-71 0-29 14CO 18-05

Group I, impaired in the 'closure' task, was as

efficient as Group III at maze learning. Conversely,
Group II, impaired in maze learning, was as efficient
as Group III in the 'closure' task. The fact that there
was no overlap in scores between Group I and
Group II in the two tasks is significant at beyond
the 0 002 level.
The possibility of a different locus of lesion for the

three right posterior groups was examined from
charts of the missile tracks. Subjects in Group I,

impaired in the 'closure' task, were found to have
lesions involving the posterior temporal-lobe region,
whereas subjects in Group II, impaired in maze

learning, had high posterior parietal injuries. Case
summaries and data from lateral and anterior-
posterior radiographs for individual subjects in
these two groups are shown in Tables VIIa and
VIIb; the lateral presentation has been charted from
the radiograph by a method reported elsewhere

(Russell and Espir, 1961), and the anterior-posterior
figure is a tracing from the radiograph.

DISCUSSION

The experimental tasks established an unequivocal
difference between the two groups. The RH group,
although unimpaired in standard intelligence tests
and tests of language functions, showed a significant
deficit in these visual-perceptual and spatial tasks.
In contrast, the LH group was impaired in language
tests but matched a normal group in the non-verbal
tasks. This dissociation of symptoms illustrates
hemispheric asymmetry of function, and shows that
highly selective residual deficits are found (more
than 20 years after missile injury) in men whose
performance in standard intelligence tests does not
differ from that of the normal population in their
age group.
The impairment of the RHI group in the 'closure'

task is further evidence of the association between
right hemisphere lesions and non-verbal deficit;
Milner (1958, 1964) has shown deficits in pattern
identification tasks (including the Mooney faces
material) following right temporal lobectomy,
and Warrington and James (1967a) have reported
that neurological patients with right parietal lesions
are impaired in a visual-perceptual task involving
the recognition of fragmented line drawings (Gollin,
1960). The impairment of the present RH group in
the maze task fits in with the evidence of right
hemisphere deficits in other types of maze task
(Elithorn, 1955; Benton, Elithorn, Fogel, and Kerr,
1963; Corkin, 1965), trail-making tasks (Reitan and
Tarshes, 1959), and spatial tasks whether visually-
or tactually-presented (Corkin, 1965; De Renzi,
1967).

In the present study, the possible influence of
visual field defects in these non-verbal tasks has to be
considered. There was no evidence, however, that
field defects due to injury of the optic radiation were
significantly associated with poor performance in
the two visually-presented experimental tasks.
Certainly no association between visual field defects
and poor performance could be detected in the
LH group, whereas in the RH group the different
pattern of response in the two tasks suggested that
site of lesion rather than visual field defect was a
significant factor. For example, in the 'closure' task,
it was only the small group of men with left upper
quadrantic defects that obtained low scores whereas
the group with left homonymous hemianopias
obtained a similar mean score to that of men
without visual field defects; this finding suggests
that a lesion involving the temporal lobe rather than
damage to the optic radiation produces impairment
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in this visual-perceptual task. As far as the maze

data were concerned, the low scores of the group
with left homonymous hemianopias cannot be
attributed to the hemianopia per se, as patients
with left posterior lesions and right hemianopias
were unimpaired in the task. It is possible, however,
that the sequential scanning aspect of the maze was

difficult for the former group. Braine (1968) has
recently drawn attention to work on the importance
of the left to right scanning movement and raised
the problem of selective attentiveness to one side of
the visual display. Right-sided lesions with a left
visual field defect may impede scanning more than
lesions in the left hemisphere causing comparable
visual field defects. On the other hand, the poor

performance of the hemianopic patients in the RH
group could be attributed to a critical lesion site
which coincidentally involves damage to the optic
radiation; but these interpretations are not mutually
exclusive. In fact, there is little, if any, evidence in
the clinical literature that field defects contribute
significantly to poor performance in visual-per-
ceptual tasks. Ettlinger (1960) did not establish a

significant correlation between visual sensory
efficiency and picture response efficiency; and other
studies have not shown an association between
visual field defects and performance in visual
re-ognition tasks (Dorff, Mirsky, and Mishkin,
1965; Warrington and James, 1967b). Moreover,
even tactually-presented spatial tasks have shown
deficits in patients with right hemisphere lesions and
contralateral field defects (De Renzi, 1967), a finding
which illustrates the importance of the posterior
area cf the right hemisphere for spatial function.
The most interesting aspect of the present findings

was the sharp dissociation between Group I and
Group II, the fact that the scores of the most severely
impaired groups in the 'closure' and maze tasks did
not overlap. In the right post-Rolandic group as a
whole there was a small negative correlation
(rs = -0 32) in performance in these two tasks,
whereas there was a small positive correlation
(rs = + 0-23) in the left post-Rolandic group. The
trend towards zero or negative correlations between
perceptual and spatial tasks in subjects with right
hemisphere lesions has been found in other studies
(Warrington and James, 1967a, b) as well,
and suggests dissociated deficits. The present
data strongly indicate this probability and thus
imply functional differentiation within the right
hemisphere.

This evidence of dissociated deficits leads to a

consideration of critical locus of lesion. Here
certain anatomical differences were observed (see
Tables VIIa and VIIb for case summaries of men

in the two post-Rolandic groups). Group I cases,

2

those subjects severely impaired in the 'closure'
task, had lesions in the posterior temporal lobe
which tended to encroach on the confluence of
temporal, parietal, and occipital lobes. This finding
can be related to Hecaen's observation (1962) that
lesions in this area of the right hemisphere are
associated with prosopagnosic symptoms, since four
of the men in our Group I did in fact show residual
difficulties in face recognition. Our results are also
consistent with data showing a deficit in the same
'closure' task following posterior temporal-lobe
lesions (Milner, personal communication). Further-
more, the anatomical features of our cases in
Group I can be considered in relation to recent
primate work, in which an association has been
reported between posterior temporal-lobe ablations
and visual discrimination deficits (Iwai and Mishkin,
1967).
Men in Group II (with a maze-learning deficit)

had lesions in the right posterior parietal region, not
far from the sagittal line and usually involving the
occipital lobes as well. This finding is broadly
consonant with clinical observations that high
posterior lesions in the right hemisphere may be
associated with spatial problems in the more
environmental or cartographic sense; and presum-
ably this parietal area is critical for the interplay of
body image and visual-spatial orientation. Our
observations do not imply, however, that damage
to this region in the parietal lobe is a necessary
condition for maze-learning deficits; and indeed
there is evidence of impaired maze performance
after right temporal lobectomy with hippocampal
removal (Milner, 1965). The two findings could be
attributed to different limiting factors: our right
parietal and posterior groups may fail the task
because of its spatial aspect, whereas patients with a
right temporal hippocampal excision are handi-
capped by the mnestic aspect of the task. There was
some support for this interpretation from the
present data. One subject had considerable difficulty
with the maze task, although he just avoided
inclusion in the bottom 20% of the RH group. His
lesion did not involve the posterior parietal region;
initially he had a focal temporal lobe injury, sub-
sequently complicated by an abscess which was
drained and finally excised. More than two decades
have elapsed since the injury, but he still loses his
way in the City of London in which he has worked
since the war. He has been in the same office for
several years but cannot visualize its layout well
enough to direct a visitor within the building,
although he can accompany the inquirer. During
the present examination, he obtained average scores
in visual-perceptual tasks (closure, pattern matching)
and was efficient at spatial tasks-for example
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TABLE VIla
SUBJECTS WITH RIGHT POST-ROLANDIC LESIONS IN GROUP I

Clinicalfeatures Site of wound

Case No. 189. He was wounded in 1944 at the age of 20. A shell fragment struck him just
above the right ear and penetrated over and above the temporal horn of the ventricle. When
seen a few hours after injury he was able to answer questions and was found to have severe
loss of sensation over the left half of the body, and a complete left homonymous hemianopia.
The visual defect cleared to leave a lower quadrantic (segmental) defect. The sensory loss cleared
to leave slight impairment only to pain and temperature sense on the left. During the early
period he had occasional blackouts and, in 1955, two episodes with loss of consciousness.
When last examined in 1964, he reported that he had had no blackouts for the previous
five years but still had occasional episodes of paraesthesia affecting the left side of the body.
He runs a small family business.

Case No. 258. He was wounded in 1944 at the age of 40. There was a penetrating wound by
a small shell fragment just above the right ear which entered the middle of the temporal lobe
where it destroyed most of the optic radiation to cause an almost complete and permanent
left homonymous hemianopia. A fragment of metal remained in the posterior parietal region.
The patient remained fully conscious when wounded. He had no sensorimotor loss but
developed frequent grand mal attacks and consequently gave up his job as a greengrocer.
When last examined in 1964, he reported that he had been having a few fits a year. He was,
however, still unemployed.

Case No. 219. He was wounded in 1944 at the age of 24. Shell fragments penetrated deeply
into the lower right anterior parietal lobe. When seen a few hours later he was conscious
but confused. The injury caused a permanent severe sensorimotor hemiplegia and loss of
the upper part of the optic radiation, causing a permanent lower left quadrantanopia. At
operation the extent of brain destruction was described as amounting to the size of a small
apple. There were a few episodes of loss of consciousness and one major convulsion in 1952,
but he has had no attacks since 1960. He worked for many years as a farm manager but has
retired since he was last examined in 1965.

Case No. 25. He was wounded in 1944 at the age of 25. A spent bullet struck the right temporo-
mandibular joint and caused a small penetrating wound of the underlying temporal lobe.
No disturbance of function was observed other than paralysis of the face and deafness on
the side of wounding. When seen in 1965 the facial paralysis had recovered but the right-sided
deafness was complete. There were full visual fields and no sensorimotor loss. He works full-
time as a clerk.

Case No. 549. He was wounded in 1945 at the age of 31. A large metal fragment struck him
just anterior to his right ear and penetrated the temporal lobe to cause local damage to the
lower part of the optic radiation resulting in a permanent upper quadrantanopic field defect.
The wound caused a disturbance of consciousness for a few minutes only. There was no
sensorimotor loss but he had blackouts with loss of consciousness about once a month.
Personality factors were thought to be partially responsible for his inability to work. He died
of coronary thrombosis in 1966, a few months after his last examination; a coroner's necropsy
report stated that 'the right temporal lobe of the brain contained an area of yellow pigmenta-
tion in which a small cyst was found'.

Case No. 148. He was wounded in 1944 at the age of 28. There was a deeply penetrating wound
of the lower right occipital lobe with a metal fragment passing forwards to the temporal
lobe below the ventricle and causing a permanent homonymous upper quadrantanopia. He
was drowsy for a few days after injury. There was, however, no sensorimotor loss and he did
not develop post-traumatic epilepsy. No other neurological changes were found during the
last examination in 1964. He works full-time as a clerk.

Case No. 266. He was wounded in 1944 at the age of 28. A large metal fragment penetrated
deeply at the junction of the right temporal and occipital lobes and destroyed the optic
radiation, causing loss of consciousness and amnesia for several days. The injury led to
a permanent left homonymous hemianopia but no sensorimotor disturbance. He had one
fit in 1946 but no attacks thereafter. No other neurological changes were found during the
last examination in 1964. He has worked for over two decades as a broadcaster.
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TABLE VIIb
SUBJECTS WITH RIGHT POST-ROLANDIC LESIONS IN GROUP II

Clinical features

Case No. 571. He was wounded in 1944 at the age of 25. The missile wound caused no immedi-
ate loss of consciousness but penetrated the brain as far as the posterior horn of the right
lateral ventricle in the lower posterior parieto-occipital region. Some metal fragments were
seen in the radiographs to have reached the upper parieto-occipital region. This wound caused
no sensory or motor loss but a left homonymous hemianopia which cleared to a sector-shaped
defect. In 1947 he developed a large cerebral abscess which necessitated a complete excision
of the right occipital lobe and this caused a complete and permanent hemianopia and a
kry slight weakness of the left limbs. Since 1948, he has had grand mal convulsions preceded
by sensory features in the left hand, which occur about once a year. In addition, he has brief
ipisodes three to four times a week, during which he feels unable to use the left side. No other
neurological changes were found during the last examination in 1964. He works full-time as
a stockbroker's clerk.
Case No. 328. He was wounded in 1944 at the age of 32. The missile caused little disturbance
of consciousness; it penetrated the brain 4 cm to the right of the sagittal line in the posterior
parietal region, 14 cm. from the inion. This caused immediate weakness and numbness of the
left leg and some impairment of the left lower visual field, both of which, however, cleared.
-le had occasional blackouts preceded by tingling in the left arm, but these ceased four to
.1ve years before his last examination in 1964. He works full-time as a metal mechanic.

Case No. 1064. He was wounded in 1941 at the age of 19. An explosion caused a severe head
wound and loss of consciousness (amnesia for 10 days). There was a depressed fracture and
brain penetration in the right upper parietal region. This caused a sensorimotor left
hemiplegia but no impairment of the visual fields. He has had Jacksonian attacks since the
injury, at the rate of one to eight a month. The sensorimotor paresis of the left limbs was
.ermanent. He has lived in a country district, unwilling to travel to attend rehabilitation
nurses. No other neurological changes were found during the last examination in 1964. He
has been classified as unemployable.

Case No. 72. He was wounded in 1944 at the age of 24. A spent bullet struck the skull and
:aused a depressed fracture of the right cccipital bone just below the lambdoid suture and
.o the right of the midline. This caused an area of brain damage measuring 4 x 2 x 2 cm
Jut consciousness was recovering when seen a few hours after wounding. The only after-
ffect was a permanent and almost complete left homonymous hemianopia. He had one fit
:iring convalescence but none since. No other neurological changes were found during
he last examination in ;964. He works full-time as a car-park attendant.

?ase No. 1085. He was wounded in 1942 at the age of 24. A missile penetrated the skull
ust to the right of the lambdoid suture, injured the underlying occipital and posterior parietal
obe and caused unconsciousness with amnesia for several days. This wound later formed
in intra-cerebral abscess which was successfully controlled, but resulted in a permanent left
iomonymous hemianopia. Post-traumatic epilepsy developed. When last examined in 1965,
ie reported occasional fits, preceded by a visual aura, and followed by brief loss of con-
ciousness. He works full-time as a clerk.

ase No. 551. He was wounded in 1943 at the age of 31. A missile penetrated the right
ccipito-posterior parietal region and caused partial unconsciousness and an area of brain
estruction immediately below the wound and extending to the posterior horn of the lateral
entricle. There was, however, no paresis or sensory loss in the limbs at any time, but a
ermanent lower quadrantic field defect resulted. No other neurological changes were found
uring the last examination in 1965. He works full-time at a store-keeping and maintenance
)b.
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'ase No. 87. He was wounded in 1944 at the age of 19. He sustained a deep, through-and-
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isturbance of consciousness. The injury caused a division of the optic radiation with a
ermanent complete homonymous hemianopia, but no permanent sensorimotor loss. Two
onths later a right ventricular cyst was successfully treated. No sensorimotor changes
sulted and he was discharged five months after the injury. No other neurological changes
ere found during the last examination in 1965. He works full-time as a clerk.
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block design, cube analysis. Thus, it seems likely
that his difficulty with the maze task was attributable
to an impairment of visual memory of the type he
himself described.
Were there any clues from the data as to the nature

of the functions impaired by these right posterior
lesions? In the present study, the 'closure' deficit
could not be related to spatial difficulties in view of
the adequate scores of Group I in the maze task
and in a related visual-spatial task (cube analysis
Terman and Merrill, 1937). But the hypothesis of
a visual-perceptual deficit, connected with the
process of integrating simultaneous visual input,
seems feasible. In this context one subject in the
group described his visual impressions during the
acute phase as 'rather like sitting in a crowded
railway carriage looking out of the window and
catching unconnected glimpses of people and things
which had always disappeared before one had
realized quite what was happening'.

There may also be a link between the closure
deficit and residual prosopagnosic symptoms. In the
total experimental sample, only six men reported
such symptoms and four of them were in Group I;
two members of this group had been handicapped
professionally by their inability to recognize the
faces of clients and colleagues, while the third was
the only member of his family unable to identify his
4-year-old twins apart. While these residual dif-
ficulties in face recognition could be attributed to
perceptual or mnestic factors or indeed a com-
bination of them, there was no evidence from
performance in other tasks that the four subjects
concerned were specifically handicapped in visual
retention.

Concerning the maze-learning deficit, subjects in
Group II were not selectively impaired in perceptual
tasks-for example, closure and visual pattern
matching-nor did they present with symptoms of
pericalcarine lesions such as inattention and dis-
orientation in visual hemi-fields. The most severe
instances of localization and inattention difficulties
in this experimental population have not been
specifically impaired in maze-learning compared
with the remaining subjects with right posterior
lesions. A possible explanation of the maze deficit is
that of a more generalized mnestic disturbance, and
accordingly the performance of the three right
posterior groups in a verbal learning task (Inglis,
1957) was examined. The evidence was not clear-cut;
the mean score of Group II was lower than that
of the remaining groups and the control group, but
the differences did not reach statistical significance.
Examination of individual cases within Group II
showed a bimodal distribution. Three men failed the
verbal learning task but the remaining four achieved

relatively high scores. Two of the three men who
failed the verbal learning task had comparatively
large lesions, while the third subject was of well
below average intelligence. Thus, while there was
no definite evidence that the maze-learning deficit
was associated with a generalized learning deficit it
is possible that the factor of lesion size may be a
relevant variable in learning and retention tasks, as
has been suggested by previous workers (McFie and
Piercy, 1952; Milner, 1965). There was more evidence
for the view that the maze-learning deficit was
related to spatial difficulties. Group II obtained a
significantly low score in an untimed version of the
Progressive Matrices test (Raven, 1960), and low
scores in cube counting (Terman and Merrill, 1937),
and block design (Wechsler, 1955).

In conclusion, the present study produced evidence
of dissociated deficits in men with right post-
Rolandic lesions. The further exploration of these
deficits requires a more precise definition of the
parameters involved in visual-perceptual and spatial
tasks, and of the different limiting factors that
underlie impairment. This may include a comparison
between performance in visual-perceptual tasks on
the one hand and visual memory tasks on the other,
along the lines recently investigated in experimental
primate work (Gross and Cowey, 1967; Iwai and
Mishkin, 1967), as well as a more refined analysis of
problems of spatial orientation.

SUMMARY

Men with brain lesions due to missile injury in the
second world war have been re-examined, neuro-
logically and psychologically, more than 20 years
later, as part of an on-going study of the long-term
sequelae of these injuries. The present paper reports
the performance of 44 men with unilateral lesions of
the left hemisphere and 37 men with right hemisphere
lesions in two visually-presented tasks, face identi-
fication ('closure') and maze-learning. The group
with right hemisphere lesions was significantly
impaired in both tasks, whereas the group with
lesions in the left hemisphere performed as well as
normal control subjects. There was also evidence of
dissociated deficits within the group of men with
right post-Rolandic lesions: there was no overlap in
scores of the men most severely impaired in 'closure'
and those most severely impaired in maze-learning.
The anatomical characteristics and some other
features of these different groups are discussed; and
the data are considered to support the concepts of
hemispheric asymmetry and of functional differ-
entiation within the hemisphere.
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